Cyclic
Sesquiterpene-Flavanone [4+2]
Hybrids, Syzygioblanes A-C,
Found in an Indonesian
Traditional Medicine, “Jampu
Salo” (Syzygium
oblanceolatum)

by PDTI Master Turnitin

Submission date: 04-Jul-2024 02:44PM (UTC+0800)
Submission ID: 2412396961

File name: Inter_1.pdf (2.5M)

Word count: 4657

Character count: 23297



Downloaded via KANAZAWA UNIV onJune 3, 2024 at 07:34: 10 (UTC).
See https://pubs acs.org/sharingguidelines for options on how to legitimately share published articles.

OL ‘ Organic
Letters

pubs.acs.org/Orglett

a

yclic Sesquiterpene—Flavanone [4+2] Hybrids, Syzygioblanes A—C,
Found in an Indonesian Traditional Medicine, “Jampu Salo”
(Syzygium oblanceolatum)

Nona Koga, Yohei Saito, Katsunori Miyake, Saidanxia Amuti, Shuichi Fukuyoshi, Satoshi Yoshida,
Sota Sato, Yusuke Yamada, Akihito Ikeda, Naruhiko Adachi, Masato Kawasaki, Akira Takasu,
Shinji Aramaki, Toshiya Senda, Abdul Rahim, Ahmad Najib, Gemini Alam, Nobuyuki Tanaka,
and Kyoko Nakagawa-Goto*

Cite This: Org. Lett. 2024, 26, 4302-4307 I: I Read Online

ACCESS| [l Metrics & More | Article Recommendations @ Supporting Information
ABSTRACT: ?plant used in an Indonesian traditional herbal (o cesquTepenes [Gre > Ho,
medicine as a diabetes treatment and known locally as “Jampu Indonesian medicinal plant,

“Jampu Salo”

Salo” was collected on Sulawesi Island, Indonesia. It was identified

as Syzygium oblanceolatum (C. B. Rob.) Merr. (Myrtaceae) and s:?;f;::::‘;ﬁ;:::m 0 HH H
found for the first time in Sulawesi; it was previously reported only He A
in the eastern Philippines and Borneo. A phytochemical study of S. 1 R — 3
oblanceolatum led to the isolation of three unprecedented @: 4+2] L O oH
meroterpenoids, syzygioblanes A—C (1-3, respectively). These HO. o _\@ @ fe) @
compounds might be biosynthesized through [4+2] cycloaddition ; ) " ‘

of various germacrane-based cyclic sesquiterpenoids with the Rare Spiro-ring =

flavone desmethoxymatteucinol to form a spiro skeleton. The combination = OH O Jormation O OH

unique and complex structures were elucidated by microcrystal Desmethoxymatteucinol (4) Syzygioblanes A-C (1-3)

electron diffraction analysis in addition to general analytical

techniques such as high-resolution mass spectrometry, various nuclear magnetic resonance methods, and infrared spectroscopy.
Synchrotron X-ray diffraction and calculations of electronic circular dichroism spectra helped to determine the absolute
configurations. The newly isolated compounds exhibited collateral sensitivity to more strongly inhibit the growth of a multidrug
resistant tumor cell line compared to a chemosensitive tumor cell line.

“Jampu Salo” is the local name for a leaf decoction used in used to treat cancer, fever, diarrhea, and diabetes. Although the
Indonesian traditional folk medicine to treat diabetes. The genus Syzygium has many medicinal properties and is used in
plant was collected on Sulawesi Island in 2018 and identified as traditional remedies, surprisingly few species have been
Syzygium oblanceolatum by taxonomist Dr. Wuu-Kuang Soh. evaluated phytochemically, and there are no phytochemical
This report is the first record of §. oblanceolatum from reports regarding S. oblanceolatum.

Sulawesi, known previously only in the Eastem Philippines and

Borneo.'

The plant genus Syzygium, distributed in subtropical to
tropical regions, contains numerous species that contribute
significantly to the diversity of tropical forests, especially in
Southeast Asia. Its enormous morphological and ecological
variations make phylogenetic elucidation difficult, although
~1200 species have been identified to date.” Syzygium
aromaticum (L.) Merr. & L. M. Perry, the best-known species,
is traditionally used in East Asia as a spice (clove) in cooking,
as a treatment for burns and wounds, and as an analgesic in Received: April 8, 2024
dentistry. Syzygium jambos (L.) Alston and Syzygium fibrosum Revised:  May 3, 2024
(F. M. Bailey) T. G. Hartley & L. M. Perry are widely used as Accepted:  May 8, 2024
Published: May 10, 2024

foods, such as jams and jellies, while Syzygium cordatum
Hochst ex Krauss, Syzygium samarangense (Blume) Merr. & L.
M. Perry, S. aromaticum, and Syzygium cumini (L.) Skeels are

@ 2024 American Chemical Seclety httpsy/doiong/10.1021/acs. orglett 4001248
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Our phytochemical study of S. oblanceolatum resulted in the
identification of three structurally and biologically unique
meroterpenoids, syzygioblanes A—C (1-3, respectively),’
which are hybrids of a germacrane-based cyclic sesquiterpene
and a flavanone (Figure 1).

Compound 1 was obtained as a colorless amorphous solid
with a molecular formula of C;,H,0; established from a

protonated molecule peak at m/z 521.2893 [M + H]" (caled

521.2903) by HRMS. IR absorptions at 1717, 1663, and 1603
implied the presence of carbonyl(s) and an a,f-
unsaturated ketone. The 'H NMR spectrum (Table 1)

=1
cm

Table 1. '"H NMR Data for Compounds 1—3 (600 MHz,

CDCl;)
By
position 1 2 3
1 097 m L18 m 316 dd (112, 4.4)
2 165 m 170 m 149 m, 1.56 m
3 094 m, 1.19 m 124 m, L.72 m 1.15m, 1.56 m
5 071dd (6.3, 34) 097 dd (6.0,34)  0.65d (57)
[3 0.56 ddd (10.0, 3.4, 034 ddd (10.1, 34, 056 m
3.2) 3.4)
7 041 m 0.50 m 0.49 m
8 141l m, 1.62 m L3536 m, 165 m L10m
9 237 m, 252 m 240 m, 252 m 0.75m, 1.72 m
11 1.82 m L66 m 125 m
12 0.88 d (6.9) 093 d (6.9) 1.02d (6.8)
13 091 d (6.9) 0.88 d (6.9) 0.83 d (6.8)
14 213s 214 s 074 s
15 140 d (12.8), 255  222d (128), 267 173 d (12.2), 228
d(12.8) d (128 d(122)
2 520 dd (8.4, 4.1) 513 dd (8.6, 4.8) 5.29 dd (69, 4.4)
3 2.69 m 261 m 277 m, 285 m
26" 7.39m 739 m 7.44 m
35" 7.40 m 738 m 7.39 m
4" 7.34 m 7.34 m 7.35m
4-0H 126 brs 12.6 brs 129 brs
&'-Me 124 s L16 s 1.16 s
8-Me 143s L44 s 140 s
8-0H 245 brs

indicated the presence of a deshielded oxymethine [& 5.20
(1H, dd)], five methyls [, 0.91, 0.88 (each 3H, d), §, 143,
1.24 (each 3H, s)], including a deshielded methyl [§y 2.13
(3H, s)], a monosubstituted benzene [§,; 7.40, 7.39 (each 2H,
m), 7.34 (1H, m)], and a hydrogen-bonded hydroxy group (6y
12.6). The PC NMR spectrum suggested 32 carbons (Table
2); additional observation combined with DEPT135 and
HMQC spectra assigned them as three ketone carbonyl
catbons (8¢ 209.4, 208.6, 196.0), eight 5;]:;2 carbons, including
one oxygenated (c 168.8) and six aromatic [Jc 140.1, 128.7
(overlapped), 128.5, 126.5 (overlapped)], four quaternary
catbons (8c 66.2, 49.8), including two oxygenated (dc 78.2,
76.4), six methines (Jc 47.3, 32.0, 30.6, 24.8, 22.7), including
an oxymethine (dc 73.8), six methylenes (dc 452, 42.6, 35.0,
315, 24.6, 23.6), and five methyls (dc 29.9, 22.3, 21.0, 17.9,
69). A '"H-'H COSY correlation of H-2'/H-3’, HMBC
correlations from H-2" to C-9"/C-1"/C-2", H-3' to C4'/C-
10’, and the protons of CH;-6" to C-5'/C-6'/C-7" and CH,-8’
to C-7'/C-8'/C-9', and H2BC correlations between H-3"/C-
2" and H-4"/C-3" implied that compound 1 has a §,7-dioxo-
6,8-dimethylflavanone skeleton (Figure 2).

4303

Table 2. *C NMR Data for Compounds 1-3 (150 MHz,
CDCL,)

&
position 1 2 3
1 2.7 28.0 77.6
2 1.6 28.8 27.8
3 aLs 357 334
4 66.2 68.5 68.8
5 2.0 34.4 56.5
[3 4.8 22.8 243
7 47.3 46.9 48.8
8 1.6 255 23.0
9 42.6 42.1 44.2
10 209.4 209.2 60.0
11 30.6 3L3 30.3
12 210 19.5 216
13 17.9 19.3 209
14 299 30.0 16.4
15 45.2 44.5 379
2 738 Ta4 733
3’ 350 36.3 34.0
4 168.8 169.3 169.2
5 196.0 196.2 194.3
&' 49.8 30.5 43.3
7' 208.6 208.4 207.6
8 78.2 T6.4 T6.4
9@ 76.4 77.8 77.6
1w’ 108.3 108.4 110.1
I 140.1 140.2 140.2
2" 6" 126.5 126.1 126.9
A 128.7 128.8 128.7
4" 128.5 128.5 128.6
6'-Me 6.9 T4 6.8
8'-Me 23 22.6 223

7% HMEC in DMSO-dg
* HZBEC

Figure 2. Key correlations of COSY, HMBC, and H2BC for 1.

In addition, the presence of a cyclopentane was suggested by
the HMBC cross peaks between H-2/C-1 and C-5 and H-5/C-
3, as well as the 'H-'"H COSY correlation of H-2/H-3.
Furthermore, the H2BC correlation of H-5/C-1 in addition to
the '"H—'H COSY correlations of H-1/H-6/H-5 indicated the
presence of a cyclopropane, which was fused to the
cyclopentane to form a bicyclic system, a bicyclo[3.1.0Jhexane.
Moreover, the HMBC correlations from H-15 to C-9'/C-10"/
C-6'/C-3/C-4/C-5, H-3 to C-6', and CH;-6" to C-4 indicated
an unusual carbon—carbon framework containing a spiro[4.5]-
decane (C-4 is the spirocatbon) and a bicyclo[2.2.2]octane
(C-4 and C-15 are bridge carbons). The 'H-'H COSsY
correlations of H-6/H-7, H-8/H-9, and H-11/H-12 and H-13
and the HMBC correlations from H-13 to C-7, H-11 to C-8,
and H-14 to C-10 and C-9 supported the presence of isopropyl
and butanone fragments at C-7, which, in turn, was connected
to C-6. These data indicated that compound 1 is a

httpsy/doiong/10.1021/acs. orglett 4001248
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meroterpenoid, specifically a 6,8-dimethylflavonoid hybridized
with a sesquiterpenoid. A hydroxy group at C-8 was
determined from an OH/C-7" HMBC correlation measured
in DMSO-d; This extremely unique skeleton was further
verified by microcrystal electron diffraction (MicroED)
analysis (Figure 3).* The relative configuration of 1 was

Figure 3. Structure of syzygioblane A (1) from MicroED CryoEM.

deduced from the combined NOESY correlations of H-1,/H-5/
H-7/H-9a/H-9b, H-6/CH;-6', and H-2'/CH,-8’ (Flgum 4),

Figure 4. Key NOESY correlations for syzygioblane A (1).

as well as MicroED analysis. Additionally, synchrotron X-ray
diffraction analysis with a Flack parameter of 0.07(5) (Figure
5) and ECD calculations (Figure 6) established the absolute
configuration of 1 (syzygioblane A).

Py
5
.'.I___:_-Il_' \/; W

Figure 5. ORTEP view of syzygioblane A (1) showing a 50%
probability thermal motion ellipsoid.

Compound 2 was isolated as a coloress, amorphous solid.
Compounds 1 and 2 have the same molecular formula
(C3:HyOg) based on a protonated molecule peak at m/z
5212871 [M + H]" (caled 521.2903) in the HRFABMS of 2.
Similarly, on the basis of the one-dimensional (Tables 1 and 2)
and two-dimensional NMR (Figure 7) spectra, like 1,
compound 2 was also expected to be a meroterpenoid with
the same flavanone and bicyclic sesquiterpene components.
However, the NOESY cormrelations of H-1/H-9, H-1/H-7, H-
7/H-5, CH;-8'/H-2’, and H-6/H-15 suggested a different
stereochemistry at C-4 (Figure 8). An ECD calculation (Figure

4304

Figure 8. Key NOESY correlations for 2 and 3.

6) and synchrotron X-ray diffraction analysis indicated the
absolute configuration of 2 with a Flack parameter of 0.12(9)
(Figure 525). All of the data presented above indicated that
compound 2 (syzygioblane B) is the C-4 epimer of 1.
Compound 3 (syzygioblane C) was isolated as a pale yellow
oil and showed a protonated molecule peak at m/z 521.2871
[M + HJ" (caled 521.2903) corresponding to the molecular
formula C3,H;yO4. The 'H and *C NMR (Tables 1 and 2)
spectra of 3 displayed signal patterns similar to those of 1 and
2 for the flavanone skeleton, the C-2" to C-§', C-7" to C-10',
and C-1" to C-6" positions, as well as 4-OH and 6’,8'-CH,.
The "H-'"H COSY and HMBC cormrelations (Figure 7) also
supported the presence of the same 6,8-dimethylflavanone
moiety found in 1 and 2. Signals for an isopropyl unit, C-11 to
C-13, were also observed in the NMR spectra of 3. The NMR
signals for other portions of 3 were dissimilar from those of 1
and 2, and an additional broad proton was seen at 2.45 ppm,
suggesting that compound 3 is also a meroterpenoid
containing a 6,8-dimethylflavanone but hybridized with a
type of sesquiterpene different from those in 1 and 2. The
'H—'H COSY for the sesquiterpene side showed correlations
of H-8/H-6, H-7, and H-9, of H-7/H-11, and of H-11/H-12
and H-13 (Figure 7). Additional HMBC cormrelations were
found from H-14 to C-1 (shifted downfield at 5. 77.6), C-5,
C-10, and C-9, H-5 to C-4, and H-15 to C-3 and C-4, as well
as H2BC correlations between H-1/C-2, H-3/C-2, and H-6/
C-5 and C-7. Together, all of the data suggested a tricyclic
sesquiterpene with a 6—5—3 ring system, a hydroxy moiety at
C-1, an isopropyl unit at C-7, and a methyl group at C-10. The

httpsy/doiong/10.1021/acs. orglett 4001248
Org. lett. 2024, 26, 43024307




Organic Letters

pubs.acs.org/Orglett

e |

Table 3. Antiproliferative Activity Data of Syzygioblanes A—C (1-3, respectively) versus Different Cell Lines”

ICy, (uM)" SI¢
A549 MDA-MB-231 MCE-7 KB KB-VIN KB/KB-VIN
1 77 12.0 10.4 5.8 0.4 14.5
2 7.0 13.0 4.4 5.8 0.6 9.7
3 12.1 33.6 26.6 18.1 4.1 4.4
4 =40 =40 =40 =40 =40 -
PXLY (nM) 32 15.0 132 30 23722 0.001

“Abbreviations: A549, lung adenocarcinoma; MDA-MB-231, triple-negative breast cancer (ER-, PR-, and HER2-negative); MCF-7, HER2-negative
breast cancer; KB, HeLa derivative, originally isolated from epidermoid; KB-VIN, vincristine resistant KB subline with P-gp overexpressed.

Anllpm]lferalwe activity expressed as IC;; values for each cell line, the concentranon of compound that caused 50% reduction relative to untreated
cells determined by the SRB assay. “SI = non-MDR(IC;,)/ MDR(ICy,). © "paditaxel

relative configurations in 3 were determined from NOESY data
(Figure 8), showing correlations of H-15/H-6 and H-14, H-6/
H-8, CH;-6'/H-7 and H-§, H-5/H-1, and CH,-8'/H-2". The
absolute configurations were determined by ECD calculations
(Figm‘e 6).

Meroterpenoids make up an exceptional class of structurally
diverse natural products formed by the hybridization of
terpenoids and ru:lnter]:ienl:licls;.'{’_’i While few meroterpenoids
have been isolated from plants, this compound type is found
abundantly in bacteria, fungi, algae, and marine organisms. The
most common meroterpenoids are hybrids of terpenoids with
polyketides and, to a lesser extent, flavonoids. Although small
numbers of meroterpenoids containing flavonoid and cyclic
terpenoid components have been repurted,u in all of them,
both components were connected simply. In contrast, complex
connections were observed between terpenoids and aromatic
polyketides, such as phloroglucinol, syncarpic acid, chromane/
chromene, and others

The newly isolated syzygioblanes A—C (1—3, respectively)
could presumably be biosynthesized through a [4+2]
cyclization between the 6,8-dimethylflavanone desmethoxy-
matteucinol (4), which was also isolated from . oblanceolatum
in this study, and an appropriate germacrane-based bi- or
tricyclic sesquiterpene with an exo-olefin (Figure 9). Fungal
meroterpenoids, xenovulenes, were also found to be bio-
synthesized through an intermolecular hetero [4+2] cyclization

. 10
between humulene, a sesquiterpene, and tropolones.

%\\«M>

Epoxygermacrene D (8)

*’ . \ HO,

; = e
\K‘ Hx./gﬂ Y‘\ e HQH\

e

A\
13 5 6 7

Cyclic Sesquiterpenes (CyS)
1 O
L .

Cs [ |0
— IO

OH © O OH
Desmethoxymatteucinol (4) Syzygioblanes A-C (1-3)

Figure 9. Possible biosynthetic pathway.

Compound 5 and its epimer, 6, with an exo-olefin on a
bicyclo[3.1.0]hexane, which might be biosynthesized through
epoxygermacrene-D (8),” are the necessary sesquiterpene
precursors to 1 and 2, respectively, but they have not yet been
isolated from nature. Sesquiterpene 7, the needed sesquiter-
pene component for 3, is a diastereomer of torienol."
Compounds 5—7 were previously synthesized by the treatment
of 8 with basic alumina.'"'?

Isolated compounds 1-3 and 4 for comparison were
evaluated for antiproliferative activity against five human
tumor cell lines (HTCLs): AS49 (lung adenocarcinoma),
MDA-MB-231 (triple-negative breast cancer), MCF-7 (HER2-
negative breast cancer), KB (Hela derivative, originally
isolated from epidermoid), and KB-VIN (vincristine resistant
KB subline with P-gp overexpressed) (Table 3). Compounds 1
and 2 exhibited potent antiproliferative activity against all
tested HT CLs with IC;, values of 0.42—13.0 uM. Interestingly,
compounds 1—3 showed greater inhibition of the growth of
KB-VIN multidrug resistant cells than of the KB chemo-
sensitive parental subline. In particular, compound 1 showed
the most hypersensitivity against KB-VIN with a selective
index (SI, the IC,, value against KB divided by the IC,, value
against KB-VIN) of 14.5. This peculiar phenomenon, greater
effectiveness against MDR cells than against drug-sensitive
cells, is termed collateral sensitivity (CS)."* In a recent
review,”> ~70 plant-derived natural products showing CS
against drug resistant cancer cells were cited; however, natural
products with SI values of >10 and a nanomolar ICs; value
against MDR cell lines are rare.
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